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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background 
 
Nowadays, wireless and mobile communication is one of the important components 
in the telecommunication world. We have seen technology for wireless and 
communication systems are growth from time to time beyond of our imagination. A 
strong signal is very desirable by subscriber and operator, therefore filter is required 
to isolate between wanted and unwanted signal to obtain a strong reception. 
Microwave filter is currently use for multichannel transceivers in various systems. 
Consequently interest has grown in re-designing many components to exhibit dual- 
or even triple-band characteristics to fulfill the demand of the telecommunication 
world. 
Microwave filter  plays important role in communication system , previously 
communication system  only required single band but with develop of technology the 
user are demanding  for higher level applications which can support dual- or even 
triple-band in one single device. The dual-band BPF is one of solution for growing 
wireless application operating in multi-band, especially in new development of  
GSM which operates globally at 900 and 1800 MHz,and wireless local area network.  
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Recently the challenges to design a dual-band BPF are to archive high passband 
selectivity, compact size and simple design simultaneously. There are many methods 
proposed by researcher to design dual band BPF. One of technique frequently used is 
Stepped Impendence Resonator (SIR) to create second passband. However, the 
design method for SIR was complex and it difficult to control the passband 
individually since the dual passband response synthesized by two resonator response 
synchronously (Yang R.Y,2010).  Therefore to overcome this problem the  
short-circuited stubs structure propose. 
 
 
1.2 Problem Statement 
 
Microwave filter are significantly and widely applied at difference sectors. One of 
the application of microwave filter is that it plays a major role in the wireless 
communication system. Nowadays, more demand for new design and approach for 
the filter design is required. Previously, we only have single band filter which can 
only operate in single band. As the time , evolves the technology also develops. 
Today, users are demanding for higher level wireless communication technology. 
Therefore, the needs for multichannel wireless communication are very high, due to 
high demand, researcher are looking for the best method to design with appropriate 
specification. The dual band is one of multichannel wireless communication; that has 
been used because it can operate wireless application at different frequency. 
Therefore, using dual band it can operate in two difference frequency. 
 
1.3 Objective 
 
1) To design  an ideal lump dual-band filter with synthesize mathematical modelling 
for 2.4 GHz and  5.2 GHz. 
2) To  simulate dual-band microstrip bandpass 2.4 GHz and 5.2 GHz using Defected 
Microstrip Structure. 
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3) To analyze the transformation from low pass prototype (LPP) of lump element to 
dual-band bandpass filter using ADS. 
 
1.4 Scope of Work 
 
This research will involve circuit synthesis technique to produce an inverter coupled 
Chebyshev lowpass prototype network that can be transformed into the bandpass 
structure, the bandpass  allow attenuating frequency above and below the band , it 
remove unwanted frequencies that lower cutoff frequency and higher than upper 
frequency. The filter is the combination of between high-pass and low-pass filter. 
This project covers from design, fabricate and present the measurement of Dual-Band 
microstrip bandpass which can operate in two frequencies. Two major part to be 
completed within the scope of works of this project; software and hardware. The 
software part will be used for theoretical calculation to design dual-band filter using 
Advance design System (ADS). From that, circuit level of lowpass filter prototype 
will be design and transform to bandpass filter. Bandstop filter  will also be design 
using Defected Microstrip Structure (DMS) technique and will be integrate with the 
bandpass filter. There is one propose structure of DMS that will be used in this 
project. For the hardware part, the design will be transform from circuit level to 
physical layout. The filter design will be fabricate using FR4 and certain 
measurement will be taken to ensure that the circuit is functioning. 
 
 
1.5 Thesis Outline 
 
Chapter 1 explains the background and the introduction of this project. It also 
contains problem statement, objective and the scope of work of this project. The next 
is Chapter 2, present the literature reviews that have been completed by other 
researcher and all element that related to this project. Continue with Chapter 3, all 
methodology been used in this project will be discussed. Chapter 4 will explain and 
discuss all the results obtained and the project analysis. Lastly chapter 5 will present 
the conclusion of this project and several recommendations to improve this project. 
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CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
Fiber, copper and radio or microwave are the medium that can be utilize for 
communication. Microwave has several advantages, it is cost effective 
(Ceregon,2013), more flexible as the link can be reuse as network 
change.(Ceragon,2013),secure and robust (Little S.,2009), speed is more faster than 
fiber, and it was easy to install and operate.  Currently more demand for higher 
application that using dual and triple-band at single device. For example GSM 
cellular terminals operate globally at 900 and 1800 MHz and wireless local area 
networks such as IEEE 802.11b/g are required to operate simultaneously at 2.4 and 
5.2 GHz. Consequently interest has grown in re-designing many components to 
exhibit dual- or even triple-band characteristics. RF/Microwave filters have been 
intensely investigated in those studies. In fact the literature now holds numerous 
publications discussing several design approaches regarding the design of multi-band 
planar and coaxial filters . Various types  of  filters  are  employed,  including  
coaxial,  dielectric,  waveguide,  and stripline/microstrip  resonator  filters  
(Makimoto,  2001) . 
Microstrip is a type of electrical transmission line which can be fabricated using 
printed circuit board technology, and is used to convey microwave-frequency signals. 
The microwave structure has two media air at top and dielectric below, so therefore 
the structure is inhomogeneous. Microstrip is thus much less expensive than 
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traditional waveguide technology, as well as being far lighter  and  more  compact  
(Grieg  &  Engelmann,  1992). Microstrip filter based on printed circuit board (PCB) 
offers the advantages easy and cheap in mass production (Mudrik,2010). 
 
2.1 Microwave Filter 
 
Microwave was an electromagnetic (EM) wave with the range frequency 300MHz to 
300 GHz. The EM waves with frequency above 30 and up to 300 GHz are also called 
millimeter waves because their wavelength are in the millimeter range (Hong 
J.S.,2011).  There are infrared spectrum, optical spectrum, ultraviolet spectrum and x-
ray that was place beyond millimeter wave spectrum and figure below shows the 
radio frequency spectrum (RF). The microwave can be used for communication, 
radar, navigation, radio astronomy and also in sensing medical instrumentation. Some 
of the frequency bands are divided into many frequency bands  as shown in Figure 
2.1. 
 
 
Figure 2.1 : Electromagnetic spectrum. (Keiner L.E,2008) 
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In microwave application filter are used to separate or combine difference frequency. 
The EM spectrum was limited and need to be share,  therefore filter are used to select 
or confine the microwave signal. Nowadays microwave requirement are more 
towards to find higher performance, more functionalities, smaller sizes, lighter 
weight and lower cost. Depending on the objective, specification and requirement in 
design filter, microwave filter can be design in lump  or distributed element , various 
transmission- line structure such waveguide, coaxial line, coplanar waveguide, slot 
line and microstrip. 
 
2.2 Microstrip 
 
Microstip is widely use in transmission- line structure, it was easily integrated with 
other passive and active microwave devices such as antennas, filters, attenuators, 
mixers and amplifier. Compared with a stripline, a microstrip line uses only a single 
dielectric substrate. A microstrip line is dispersive in nature and its characteristics 
impedance and effective dielectric constant vary with frequency. Microstrip line is 
one of the type of planar transmission line. In the structure of microstrip that have 
single conducting microstrip line with a width (w) and thickness (t) on the top of 
sheet dielectric substrate that have dielectric constant (ε) and the high (h) and ground 
plane at the bottom of substrate, Figure 2.2 shows the microstrip structure. 
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Figure 2.2: Microstrip Structure. 
 
The field in microstrip contain two media, air at the above and dielectric at bottom. 
Microwave component such as antennas, couplers, filters, power divider and more 
can be formed using microstrip, as a pattern of metallization on subtract. Microstrip 
is cheaper than other waveguide and lighter and more compact. 
 
2.3 Filter type and Parameter 
 
There are four types of filter, low-pass, high-pass, band-pass and band-stop. A low-
pass filter can passes low frequency well but attenuate the frequency higher than cut-
off frequency, c. The high-pass filter is opposite with low-pass filter, it will pass 
high frequency well but will attenuate frequency lower than cut-off frequency, c. 
Band-stop filter will pass most unaltered, but attenuates those in a range to very low 
level. Band-pass filter is a device that passes frequencies within certain range, 1 to 
2 and reject frequencies outside the range. Figure 2.3 to Figure 2.5 show the 
characteristics of the three filter categories. 
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Figure 2.3: A low-pass filter frequency response.(F. Kung, 2007) 
 
 
 
 
 
 
Figure 2.4: A high-pass filter frequency response. .(F. Kung, 2007) 
 
         
Figure 2.5: A band-pass filter frequency response. .(F. Kung, 2007) 
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2.4 Basic Theory of Filter 
 
In filter network, transfer function is  use to determine the scattering parameter S21 
and S11, the mathematical expression of transfer function is define as follows:- 
 
 
 
 
ε is the ripple constant, Fn(Ω) filter function and Ω is frequency variable. If the 
transfer function is given, the insertion loss response of the filter can be calculated by 
the following equation :- 
 
 
 
For lossless conditions, the return loss can be found as follows :- 
 
 
 
In practical implementation, the specification for losses in pass region can normally 
be higher than zero. Chebyshev approach exploits this not so strictly for the given 
specification values. It can be 0.01 dB, or 0.1 dB, or even higher values. The 
Chebyshev approach thereby shows certain ripples in the pass region, this can lead to 
better (higher) slope in the stop region. Figure 2.6 shows the attenuation 
characteristics for lowpass filter based on Chebyshev approach. The quadrate of the 
magnitude of the transfer function with Chebyshev approach is given by a bandpass 
filter is an important component must be found in the transmitter or receiver. 
(2.1) 
(2.2) 
(2.3) 
(2.4) 
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Bandpass filter is a passive component which is able to select signals inside a specific 
bandwidth at a certain center frequency and reject signals in another frequency 
region, especially in frequency regions, which have the potential to interfere the 
information signals. In designing the bandpass filter, we are faced the questions, what 
is the maximal loss inside the pass region, and the minimal attenuation in the 
reject/stop regions, and how the filter characteristics must look like in transition 
regions . 
 
Tn(Ω) is Chebyshev function type 1 with order n 
 
Figure 2.6 : Attenuation characteristics for Chebyshev approach.(Hong, J. S,2011) 
 
The previous observation was done for lowpass implementation. A transformation to 
bandpass is needed for  obtaining bandpass characteristics.  In the transformation, the 
component L will be converted to serial combinations of Ls and Cs, whereas the 
component C becomes parallel combination of Lp and Cp. Therefore, with the cut-off 
frequencies ω1 and ω2 as lower and upper boundary, we can calculate the center 
frequency and the relative frequency bandwidth as follows :- 
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And the values for the new components are as follows :- 
 
  
 
 
For the serial combination, and for the parallel combination.  
 
 
 
 
 
Zo is the value of the load impedance, normally set to 50 Ω.  
 
 
2.5 Filter Parameter 
 
Table 2.1 shows the filter terms and its description based on all important terms that 
is being used in this project. Each term play an important part in  the development of 
this project. 
 
 
(2.5) 
(2.6) 
(2.7) 
(2.9) 
(2.8) 
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Table 2.1: Filter terms and its description. 
Return loss,S11 The ratio of the reflected power to the incident power, 
in dB. Return loss is used with filter because it is 
sensitive parameter describing filter performance. The 
well-matched system is between 15dB and 25dB 
depending on the application. 
Centre frequency It is frequency at which band-pass filter are 
geometrically centre. 
Resonant  frequency The tendency large amplitude oscillators because of the 
system vibration energy. 
Insertion loss,S21 Measure of attenuation through network, It measure 
how well matched the network is. Perfect matched 
losses would have 0dB. 
Bandwidth Difference between upper and lower frequency 
typically recorded at 3dB attenuation point above a 
pass-band in band-pass filter. 
Cutoff frequency The frequency at which the filter insertion loss is equal 
to 3dB. It is very convenient point to express the pass-
band and stop-band boundary. 
Transmission Band Frequency region between upper edge of the pass-band 
and the beginning of stop-band. 
 
 
2.6 Stub Bandpass Filter 
 
The bandpass filters can be design as filter with  short-circuited stubs that are  
  long with connecting lines that are also   long. At the midband 
frequency f0, the   is the wavelength in the propagation medium. For the n degree 
filter, the characteristic depends on the admittance of stub line denoted by Yi and 
connected by Yi+1 . The design equation for stub line is defined by equation 2.10 to 
2.16. 
13 
 
For angle : 
 
 
For initial stub line : 
 
For intermediate stub line: 
 
 
For initial admittance: 
 
For connecting line admittance : 
 
For intermediate admittance : 
 
 
2.7 Defected Microstrip Structure 
 
Defected Microstrip Structure  (DMS) consists of a horizontal slot in the middle of 
conductor line. DMS increase the electrical length of micostrip line and disturbs its 
current distribution where capacitance and inductance of microstrip line increase. The 
(2.10) 
(2.11) 
(2.12) 
(2.13) 
(2.14) 
(2.15) 
(2.16) 
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DMS can be design into any structure  in the middle of cnductor line. DMS can be 
easily intergrated with other  microwave circuit design. The properties of DMS is 
slow wave, rejecting microwave in certain frequency and has an increasig electrical 
length in certain ccircuit.The DMS is, it make attenuation in the stop-band deeper 
than 15 dB all over the required rejection band, low loss and it have good frequency 
selectivity. The structure of DMS can be form as parallel RLC circuit as shown in 
Figure 2.7 and can be form using equation 2.17 and 2.18 .   
 
L
C
R
Port 1 Port 2
 
Figure 2.7: Paralleh RLC circuit. 
 
Equation 2.17 and Equation 2.18 give the parallel capacitance and inductance.  In the 
following equation  and  are resonance frequency and cut-off frequency 
respectively: 
 
 
 
 
 
 
 
(2.17) 
(2.18) 
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2.8 Previous Related Project 
 
There are huge demands for dual band microwave filter, because technology have 
growth and the wireless application are using difference frequency to operate. 
According to high demand, researcher had started to do more research and to find the 
best method, and design. Design using microstrip structure is more popular compare 
to LTCC and waveguide due to its easy to design (Zakaria Z.,2013).  
 
Several research on dual band microwave  had been done by Hang Weng in (Weng 
M.H.,2007) using pseudo-inter digital stepped impedance resonator (PI_SIRs). SIRs 
and one stub between parallel couple line are employed to realize two satisfactory 
passbands. Meanwhile, one transmission zero is generated between the two 
passbands to achieve a high out-of-band rejection. The dual band filter is form by 
tuning the impedance ratio (K) and physical length of stepped impedance resonator. 
This method are proposed by the author to overcome poor insertion loss that had been 
face by the author (Huang T. H.,2006). The return loss for 2.4 GHZ was less than 20 
dB and 5.2 GHZ the return loss was larger than 20 dB. Figure 2.8 shows photograph 
of the fabricated dual-band BPF, simulated and measured frequency responses of the 
dual-band BPF. 
 
 
 
 
 
 
                         (a)      (b) 
 Figure 2.8 : (a) Photograph of the fabricated dual-band BPF (b) Simulated and 
measured frequency responses of the      dual-band BPF. (Weng M.H.,2007) 
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There are open-loop resonator loaded with open stub technique performed by 
Priyanka in (Mondal P., 2008) using three difference center frequency. This project 
was proposed to design compact dual-band bandpass ﬁlters with improved out-of-
band rejection characteristics. It had designed a tuning stub length and position of the 
open-loop resonator. The frequency that had been used is 2.80/4.40 GHz for filter 1, 
2.45/5.25 GHz for filter 2 and 2.45/5.80 GHz for filter 3. The structure and 
simulation is shown in Table 2.2. The three difference bandwidth is tested to compare 
the passband insertion loss between three difference bandwidth and frequency . For 
first filter insertion loss it was 2.94 dB and 3.68 dB, second filter is 3.5dB and 3.55 
dB and the 3 filter is 1.87dB and 1.68 dB. 
 
Table 2.2: Filter design and narrow respond. (Mondal P., 2008) 
 
Filter Narrow respond of filter 
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Hsiung Tseng in (Tseng C.H,2006 ) use composite right/left-handed (CRLH) 
metamaterial transmission line (TL). This design was motivated form (Hong J.S, 
2001) which use quater-wave short-circuited and open circuited stub to create 
bandpass and bandstop filter. The first bandpass frequency is 𝑓𝑓0 and that of the 
second bandpass is three times 𝑓𝑓0. However, this factor could not be used in 
implementing dual-band filters because present wireless standards could not accept 
the operating bandpass frequency separated by that factor. Therefore, by substituting 
conventional TLs with CRLH TLs, the filter could have two arbitrary operating 
frequencies at 𝑓𝑓1and 𝑓𝑓2. Despite its easy design, the circuit size of this filter was 
not miniaturized, which was an disadvantage. In order to achieve a small circuit size, 
the right-hand sections of CRLH TLs could be realized by using chip components in 
the future. The structure and simulation is shown in Figure 2.9. 
 
(a)    (b) 
Figure 2.9:(a) The circuit photography and design parameters of dual band bandpass 
filter using the CRLH TLs.(b) The measured and simulated results.(Tseng C.H,2006 ) 
 
In (Kuo J.T, 2005), the authors introduced a new idea for designing dual-band BPF. 
This idea was based on the resonance attributes of SIRS. Parallel-coupled 
configuration and vertical stacks were implemented in this design. In order to 
produce two center frequencies, the authors adjusted the SIR dimensions. The 
primary frequency was at 2.45 GHz, whereas the secondary frequency was 
determined by adjusting the SIR dimension. The authors used coupling length and 
coupling gap to determine the coupling coefficients for implementing dual band. The 
result simulation for this technique is shown in Figure 2.10. 
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Qin Xin in (Chu Q.X,2008) presented the concept of using meandering scheme SIRs 
with a new coupling scheme to produce a small dual-band narrow BPF. The compact 
design was 50% smaller than the existing design but had the same frequency. The 
high-impedance section cascaded with the low-impedance sections to produce an 
SIR. These impedances were combined and configured to have a hairpin structure, 
thus resulting in a compact structure. Moreover, the insertion loss value was 
improved by introducing a new coupling scheme (Zhang, 2006) to the input/output of 
the filter. There are two types of BPFs produced by the author, with filter 1 (Aust 
J.B.,2013) operated at 2.4/5.2 GHz while filter 2 operated at 2.4/5.7 GHz. For filter 1, 
at 2.4 GHz, the return loss was greater than 20 dB, whereas the insertion loss was less 
than 4 dB. At 5.2 GHz, the insertion loss was less than 1.6 dB. Meanwhile for filter 2, 
at 2.4 GHz it had a return loss greater than 19 dB with an insertion loss less than 1.2 
dB. At 5.7 GHz, the return loss was greater than 16 dB with its insertion loss was less 
than 1.8 dB. Figure 2.11 shows one of the layout and measurement simulation of this 
technique. 
 
 
Figure 2.10: (a) Simulation and measured responses of the experimental 
bandpass filter. (b) Photograph of the circuit (Kuo J.T, 2005), 
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                            (a)      (b)                                                                
 
 
2.1 Conclusion 
 
This chapter discussed different filter theories, analysis and previous work. Filter 
parameters such as return loss, insertion loss, conductor loss and bandwidth are 
described throughout this chapter and some related mathematical formulations are 
explained in this chapter. The previous works of different researcher are summarized 
in Table 2.3. The comparison of technique, frequency and the advantages of each 
technique are describe in Table 2.3. 
 
Table 2.3: Comparison of Dual Band Microwave Filters Design by several 
researchers. 
 
Author Technique Frequency Advantages 
Weng, 
2007 W.H. 
Pseudo-interdigital 
stepped impedance 
resonator (PI_SIRs) 
2.4/5.2 GHZ Good frequency 
responses, compact and 
low loss dual-band 
BPF 
Mondal P., 
2008 
Open-loop resonator 
loaded with open stub 
technique 
2.80/4.40 GHz 
2.45/5.25 GHz 
2.45/5.80GHz  
 
Passband insertion 
losses are comparable, 
compact filter structure 
Figure 2.11: (a) Layout of the miniaturized dual-band filter 
(b) Measurement  simulation. (Chu Q.X,2008) 
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Tseng C.H., 
2006 
Composite right/left-
handed (CRLH) 
metamaterial trasmission 
line (TL) 
1/1.9 GHz Easy design procedures 
Kuo J.T, 
2005 
Resonance attributes of 
SIRS 
2.45 GHz Staggered higher order 
resonances to prevent 
spurious peaks of high 
levels and wide 
bandwidth from the 
coherent resonances 
Chu Q.X., 
2008 
Using meandering 
scheme SIRs with a new 
coupling scheme 
2.4/5.2 GHz 
2.4/5.7 GHz 
 
High selectivity 
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CHAPTER 3 
 
 
 
METHODOLOGY 
 
 
 
3.1 Introduction 
 
This chapter will discuss the step, method and techniques that is required to be taken 
to design and develop this project. The method includes study, calculation, 
measurement, design, procedure, software and hardware to build microstrip stub 
filter. Software Advance Design System (ADS) is used to design the stub filter, 
meanwhile the physical dimension can be calculated by using the equation that had 
been discussed in Chapter 2. The first step is to find the characteristic impedance, 
space, width and length for the filter. The filter is designed using substrate material 
called FR4. The target frequency for this dual bandpass is at 2.4 GHz and 5.4 GHz. 
3.2  Project specification 
 
During the design phase to build the filter prototype, the specification of the filter is 
required to achieve better result. Table 3.1 shows the specification of filters used in 
this project. 
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Table3.1: Proposed Filter specification. 
 
 
 
 
 
 
 
 
 
 
 
3.3 Project Flow Chart 
 
Project flow chart is important to show the flow and step taken in this project. 
During the first semester, project title and case study had been finalized to move 
to the next phase. Some data and input had been collected through details study 
and research based from the previous case study to come out with the proposal. 
During this phase, the title, objective, project scope, problem statement and 
expected result had been complied into a proposal report. The proposal is use as 
the guideline to carry-out this project. In the second semester, design and 
fabrication of filter are carry-out as based from the proposal. Research and study 
will be done with details specification of the project. Software and theory 
calculation are  perform to design the filter.  
 
Specification Filter 
Substrate FR4 
Relative permittivity 4.30 
Substrate Thickness 1.6 mm 
Copper Thickness 0.035 mm 
Filter transfer function Chebyshev 0.5dB ripple 
Filter Topology Microstrip Hairpin Filter 
Filter order, n 5 
Center frequency 2.4 GHz , 5.2GHz 
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Figure 3.1: Flow Chart for .propose project. 
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3.4 Flow Chart for Filter Design 
 
Figure 3.2 show a project flow chart for filter design throughout this project. The 
project design flow chart show the flow on how each step that need to be taken in this 
project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 : Flow chart  for filter design 
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